ignated as S-hemolysin is described in this paper. Hemolytic activity was assayed with a microtiter plate using 2%human O erythrocyte suspension and Tris-HCl buffer (0.01 m, pH 8.0) containing 0.14m NaCl as diluent. Hemolysis was done for 60min at 37°C. The activity was expressed as a titer, the reciprocal of the highest twofold dilution with positive hemolysis. The strain No. A-6288 was inoculated into 50ml of a medium containing 2% glucose, 3% starch, 1 % corn steep liquor, 1% soybean flour, 0.5% peptone, 0.3% NaCl, and 0.5% CaCO3 (pH 7.0) in a 200-ml Erlenmeyer flask. After cultivation for 3 days at 28°C on a rotary shaker (180 rpm), the mycelia were removed by centrifugation. To the clear supernatant was added solid ammoniumsulfate to give 80% saturation. After the mixture had stood overnight at 5°C, the precipitate was collected by centrifugation and dissolved in a minimal volume of Tris-HCl buffer (0.02 m, pH 8.0), followed by dialysis against the same buffer for 2 days to remove ammoniumsulfate. The dialysate was put on a DEAE-cellulose column (1.8 x 20cm) that had been equilibrated with the above dialysing buffer, and then eluted with the same buffer. The active fractions were combined, and two volumes of cold acetone were added to the solution. The resulting precipitate was dissolved in Tris-HCl buffer (0.02 m, pH 8.0) containing 5 mMMgCl2, and then dialyzed against the same buffer for 2 days. The dialysate was put on a Sephadex G-75 column (1.9x90cm), and eluted with the same buffer. Two volumes of cold acetone were added to the active fraction, and the precipitate was dialyzed against water to remove
supernatant was added solid ammoniumsulfate to give 80% saturation. After the mixture had stood overnight at 5°C, the precipitate was collected by centrifugation and dissolved in a minimal volume of Tris-HCl buffer (0.02 m, pH 8.0), followed by dialysis against the same buffer for 2 days to remove ammoniumsulfate. The dialysate was put on a DEAE-cellulose column (1.8 x 20cm) that had been equilibrated with the above dialysing buffer, and then eluted with the same buffer. The active fractions were combined, and two volumes of cold acetone were added to the solution. The resulting precipitate was dissolved in Tris-HCl buffer (0.02 m, pH 8.0) containing 5 mMMgCl2, and then dialyzed against the same buffer for 2 days. The dialysate was put on a Sephadex G-75 column (1.9x90cm), and eluted with the same buffer. Two volumes of cold acetone were added to the active fraction, and the precipitate was dialyzed against water to remove salts. The S-hemolysin thus obtained was used in the various experiments below. The molecular weight ofS-hemolysin was estimated with a Sephadex G-75 column by the method of Andrews.
3)
The ratio of elution volume to void volume was plotted against the logarithm of molecular weight for each reference protein and S-hemolysin. An approximate molecular weight of 45,000 was obtained for S-hemolysin. The stability of S-hemolysin was tested in buffer solutions of various pHs (37°C) and at various temperatures (pH 8 .0) for 60min. As shown in Fig. 1 , S-hemolysin was stable from pH 5 to ll and up to 40°C, maintaining the initial activity, but its activity was completely lost at pH 3 and 60°C. The hemolytic activity of S-hemolysin was pH-and temperature-dependent, the optimumpHand temperature being 8.0 and 37°C, respectively. The stability against proteases was estimated by measuring the remaining hemolytic activity after incubation of S-hemolysin with each protease (100fig) at 37°C for 1 hr. S-Hemolysin was stable against enzymatic digestion by trypsin, but it was digested by subtilisin BPN' and Pronase E, and its activity was completely destroyed by them.
Cytolytic toxins are classified into two groups, the thiol-activated and the non thiol-activated. 4'5) The former, such as streptolysin O,6) #-toxin from Clostridium,7) and pneumolysin8) were unstable against oxygen, and these cytolytic activities were restored by the addition of a reductant such as cysteine, 2-mercaptoethanol, or glutathione. Moreover, these activities were strongly inhibited by the addition of cholesterol which is cellular receptor of the thiol-activated toxins. The effects of various reagents on S-hemolysin were investigated by measuring the remaining hemolytic activity for human O erythrocytes after incubation of S-hemolysin with each reagent at pH 8.0 and 37°C for lOmin. As shown in Table I , S-hemolysin was not affected by cholesterol, and it was therefore dis- /?-toxin10) and d-toxin1^from Streptococcus, leucocidin from Pseudomonas,12) and a-toxin from Clostridium13) in the group of non thiol-activated cytolytic toxins are inhibited by the addition of phospholipids such as phosphatidylcholine and phosphatidylethanolamine. However, S-hemolysin was differed from /?-toxin, <5-toxin, and atoxin in the temperature-dependent property. S-Hemolysin was similar to streptolysin S14) in the behavior on enzymatic digestion, but streptolysin S is not affected by EDTA. Leucocidin from Pseudomonas is inhibited by EDTAand its activity is recovered by the addition ofa sufficient amount of calcium ions. 1 5) Whereas, the EDTA-inhibition of S-hemolysin was not restored by calcium, manganese, or cobalt ions but it was by the addition of magnesium ions. Thus, all the data reported above suggested that S-hemolysin is a newcytolytic toxin produced by Streptomyces sp. strain No. A-6288. S-Hemolysin is thought to have some interaction with phospholipid or hydrophobicsites as a receptor on the cell membraneand magnesiumions may be involved either in the interaction between S-hemolysin and its cellular receptor or in linkage of S-hemolysin molecules. Recently, we found that hepatoma AH109Acells were aggregated by low concentrations of S-hemolysin. The hemolysin with distinct properties may be useful as a tool in studies of the cell membrane. Other properties including the mode of action of S-hemolysinare nowunder investigation and will be reported in our next paper.
